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Abstract
We investigate the possibility of explaining the enhancement in semileptonic decays of
B¯ → D(∗)τ ν¯, the anomalies induced by b→ sµ+µ− in B¯ → (K,K∗, φ)µ+µ− and violation
of lepton universality in RK = Br(B¯ → Kµ+µ−)/Br(B¯ → Ke+e−) within the frame-
work of R-parity violating (RPV) MSSM. Exchange of down type right-handed squark
coupled to quarks and leptons yield interactions which are similar to leptoquark induced
interactions that have been proposed to explain the B¯ → D(∗)τ ν¯ by tree level interac-
tions and b → sµ+µ− anomalies by loop induced interactions, simultaneously. However,
the Yukawa couplings in such theories have severe constraints from other rare processes
in B and D decays. Although this interaction can provide a viable solution to R(D(∗))
anomaly, we show that with the severe constraint from B¯ → Kνν¯, it is impossible to solve
the anomalies in b→ sµ+µ− process simultaneously.
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I. INTRODUCTION
Recent experimental data have shown deviations from standard model (SM)
predictions in the ratio of R(D(∗)) = Br(B¯ → D(∗)τν)/Br(B¯ → D(∗)lν) with l =
e, µ and also in b→ sµ+µ− induced B decays. Experimental values for R(D(∗))[1–
3] are larger than the SM predictions[4]. This anomalous effect is significant, at
about 4σ level[5]. The anomalies due to b → sµ+µ− induced processes show up
in[6] B → (K,K∗, φ)µ+µ− decays. The observed branching ratios in these decays
are lower than SM predictions[7, 8]. Also a deficit is shown in the ratio RK =
Br(B → Kµ+µ−)/Br(B → Ke+e−)[9]. The SM predicts RK to be close to one,
but experimental data give[9] 0.745+0.090−0.074 ± 0.036. These effects are at 2 to 3 σ.
Needless to say that these anomalies need to be further confirmed experimentally
and we also need to understand SM predictions better. The latter processes involved
are rare processes and therefore are sensitive to new physics. These anomalies
have attracted a lot of theoretical attentions trying to solve the problems using
new physics beyond SM[4, 7, 8, 10–15]. In this work we study the possibility of
using R-parity violating interaction to solve these anomalies. Previously, R-parity
violation was invoked to explain[11] only R(D(∗)). Exchange of down type right-
handed squark coupled to quarks and leptons yield interactions, which are similar
to leptoquark induced interactions that have been proposed to explain the B¯ →
D(∗) → τ ν¯ and b → sµ+µ− induced anomalies simultaneously[15]. However, the
Yukawa couplings have severe constraints from other rare processes in B and D
decays. This interaction can provide a viable solution to R(∗) anomaly. But with
severe constraint from B¯ → Kνν¯, it proves to be impossible to solve the anomalies
induced by b→ sµ+µ−process.
The most general renomalizable R-parity violating terms in the superpotentials
are[16]
WRPV = µiLiHu +
1
2
λijkLiLjE
c
k + λ
′
ijkLiQjD
c
k +
1
2
λ′′ijkU
c
iD
c
jD
c
k , . (1)
We will assume that λ′′ term is zero to ensure proton stability. Since the pro-
cesses we discuss involve leptons and quarks, the λ′ term should remain. In fact the
interactions induced by this term at the tree and one loop level can contribute to
B¯ → D(∗)τ ν¯ and b→ sµ+µ− induced processes. It is tempting to see if these inter-
actions can solve the related anomalies already. Although a combination of λ′ and
λ terms can also contribute, the resulting operators are disfavored by B¯ → D(∗)τ ν¯
process.
We shall limit ourselves to exchange of right-handed down type squark, d˜kR, which
are expected to have the necessary ingredients to explain the anomalies in B decays.
This model is similar to the leptoquark exchange discussed by many authors[13],
except a general leptoquark also has a right-handed couplings to SU(2)L singlets,
which is forbidden in SUSY. These additional right-handed couplings turn out to be
important for explaining the g−2 anomaly of muon, but do not play an essential role
in explaining the B anomalies discussing here. The object of our paper is a careful
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consideration of the constraints from various B and D decays and analysie structure
of Yukawa couplings λ′ijk to see if the B anomalies can be resolved simultaneously.
The paper by Bauer and Neubert[15] is closest in spirit to our paper, but we are
able to bring out the tension between different experimental constraints, and find
that it is impossible to solve the R(D(∗)) and b→ sµ+µ− anomalies simultaneously.
The R(D(∗)) and b → sµ+µ− anomalies occur at tree level and loop level in
the SM, respectively. To simultaneously solve these anomalies using a simple set of
beyond SM interactions faces more constraints[14, 15] than just solving one of them
as has been done in most of the studies. We find that by exchanging right-handed
down type of squark, it is possible to solve the R(D(∗)) anomaly with tree interaction
provided λ′33k is sizable, of order ∼ 3. For anomalies induced by b → sµ+µ−,
to obtain the right chirality for operators O9, one needs to go to one loop level.
The allowed couplings λ′ijk are constrained from various experimental data, such
as K → piνν¯, B¯ → K(K∗)νν¯ and D0 → µ+µ−. The strongest constraint comes
from B¯ → K(K∗)νν¯ making the model impossible to explain anomalies induced by
b→ sµ+µ−.
II. R-PARITY VIOLATING INTERACTIONS AND B¯ → D(∗)τ ν¯
Expanding the λ′ term in terms of fermions and sfermions, we have
L = λ′ijk
[
ν˜iLd¯
k
Rd
j
L + d˜
j
Ld¯
k
Rν
i
L + d˜
k∗
R ν¯
ci
L d
j
L − l˜iLd¯kRujL − u˜jLd¯kRliL − d˜k∗R l¯ciLujL
]
, (2)
where the “tilde” indicates the sparticles, and “c” indicates charge conjugated fields.
Working in the basis where down quarks are in their mass eigenstates, QT =
(V KM†uL, dl), one replaces u
j
L in the above by (V
KM†uL)
j . Here V KM is the
Kobayashi-Maskawa (KM) mixing matrix for quarks. If experimentally, the mass
eigenstate of neutrino are not identified, one does not need to insert the PMNS
mixing matrix for lepton sector. The neutrinos in the above equation are thus in
the weak eigenstates. For leptoquark interactions discussed in eq. (6) in Ref.[15],
the reference seems to indicate that new parameters are involved due to rotation
matrix Ue in the lepton sector. However, since neutrinos are not in the mass basis
in our work, it seems that provided we are always in the weak basis, no matrix is
required in the lepton sector. We will assume sfermions are in their mass eigenstate
basis. For a discussion of the choice of basis see Ref.[16]
Exchanging sparticles, one obtains the following four fermion operators at the
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tree level
Leff =
λ′ijkλ
′∗
i′j′k
2m2
d˜k
R
[
ν¯i
′
Lγ
µνiLd¯
j′
Lγµd
j
L + e¯
i′
Lγ
µeiL(u¯LV
KM)j
′
γµ(V
KM†uL)
j
−νi′LγµeiLd¯j
′
Lγµ(V
KM†uL)
j − e¯i′LγµνiL(u¯LV KM)j
′
γµd
j
L ]
− λ
′
ijkλ
′∗
i′jk′
2m2
d˜
j
L
ν¯i
′
Lγ
µνiLd¯
k
Rγµd
k′
R −
λ′ijkλ
′∗
i′jk′
2m2
u˜
j
L
e¯i
′
Lγ
µeiLd¯
k
Rγµd
k′
R (3)
− λ
′
ijkλ
′∗
ij′k′
2m2
e˜i
L
(u¯LβV
KM)j
′
γµ(V KM†uLα)
jd¯kRαγµd
k′
Rβ −
λ′ijkλ
′∗
ij′k′
2m2
ν˜i
L
d¯j
′
Lβγ
µdjLαd¯
k
Rαγµd
k′
Rβ ,
In the above α and β are color indices.
At the tree level, besides the SM contributions to B¯ → D(∗)lν¯, there are
also R-parity violating contributions, they are given by the term proportional to
−(λ′l3kλ′∗l′mk/2m2d˜k
R
)l¯Lγ
µνl
′
L(u¯LV
KM)mγµbL in the above equation. Including the SM
contributions one obtains[11]
Heff = −4GF√
2
Vm3(δ
l′
l +∆
l′m
l )l¯γ
µPLνl′ u¯
mγµPLbL ,
∆l,ml′ =
√
2
4GF
λ′l3kλ
′∗
l′j′k
2m2
d˜k
R
Vmj′
Vm3
. (4)
where Vij are elements in V
KM .
Identifying different charged leptons in the final states, we find the ratio
RSMl (c) = Br(B¯ → D(∗)lν)/Br(B¯ → D(∗)lν)SM of branching ratios compared with
SM predictions to be given by
RSMτ (c) = |∆3,21 |2 + |∆3,22 |2 + |1 + ∆3,23 |2 ,
RSMµ (c) = |∆2,21 |2 + |1 + ∆2,22 |2 + |∆2,23 |2 ,
RSMe (c) = |1 + ∆1,21 |2 + |∆1,22 |2 + |∆1,23 |2 . (5)
One can define a similar quantity RSMl (u) for Br(B¯ → (ρ, pi)lν)/Br(B¯ →
(ρ, pi)lν)SM and Br(B¯ → lν)/Br(B¯ → lν)SM , and have
RSMl (u) =
Br(B¯ → (ρ, pi)lν)
Br(B¯ → (ρ, pi)lν)SM
=
Br(B¯ → lν)
Br(B¯ → lν)SM
. (6)
Experimentally, RSMe deviations from SM predictions is small, that is R
SM
e ≈ 1,
therefore we require ∆1,2i , to be close to zero, which can be achieved by setting
λ′1jk = 0, so that no linear terms in ∆
i,j
k contribute to B¯ → D(∗)eν¯e. No large
deviation has been observed in RSMµ . However in b → sµ+µ− induced anomalies
involves µ couplings, we will bare in mind that effect may have some impact for
RSMµ (c). One may even contemplate that a somewhat enhanced B¯ → D(∗)µν¯µ must
be there if one tries to solve the b→ sµ+µ− anomalies simultaneously. Although such
4
a large deviation has not been established, theoretical calculations for the absolute
values for the SM predictions and the experimental measurements may have some
errors, so a certain level of deviation can be tolerated. We will take a conservative
attitude to only allow up to 10% deviation from SM value, in RSMµ (c). We find that
even such modest requirement put stringent constraint and making the attempt of
simultaneously solve the two types of anomalies difficult.
Defining r(B¯ → D(∗)τ ν¯) = R(B¯ → D(∗)τ ν¯)/R(B¯ → D(∗)τ ν¯)SM , we have
r(B¯ → D(∗)τ ν¯) = 2R
SM
τ (c)
RSMµ (c) +R
SM
e (c)
. (7)
Changing c to u, one can obtain the R-parity vilating contributions to R(B¯ →
(ρ, pi)τν). With the same approximation as above, we have
r(B¯ → τ ν¯) = r(B¯ → (ρ, pi)τ ν¯) = 2R
SM
τ (u)
RSMµ (u) + R
SM
e (u)
. (8)
The linear terms in r(B¯ → D(∗)τ ν¯) and r(B¯ → τ ν¯) are proportional to
(2λ′33kλ
′∗
31k − λ′23kλ′∗21k)
Vcd
Vcb
+ (2λ′33kλ
′∗
32k − λ′23kλ′∗22k)
Vcs
Vcb
+ (2λ′33kλ
′∗
33k − λ′23kλ′∗23k)
and
(2λ′33kλ
′∗
31k − λ′23kλ′∗21k)
Vud
Vub
+ (2λ′33kλ
′∗
32k − λ′23kλ′∗22k)
Vus
Vub
+ (2λ′33kλ
′∗
33k − λ′23kλ′∗23k) ,
respectively. Note that there is a large enhancement factor (Vud/Vub)/(Vcb/Vcd) for
the first term in the expression for r(B¯ → τ ν¯) compared with r(B¯ → D(∗)τ ν¯). This
may cause potential problem for a small deviation from 1 in r(B¯ → D(∗)τ ν¯) to a
large deviation in r(B¯ → τ ν¯). One can avoid such a large enhancement by setting
λ′31k,21k to be much smaller than other terms. In our later discussions we will set
λ′31k to be zero. The λ
′
21k is also constrained to be small from D
0 → µ+µ− decay
to be discussed in the following. But may play some important role in b → sµ+µ−
decay. We will keep it in our discussions.
The SM predictions and experimental measurements for R(D(∗)) are[5]
R(D)SM = 0.300± 0.008 , R(D) = 0.397± 0.040± 0.028 ,
R(D∗)SM = 0.252± 0.003 , R(D∗) = 0.316± 0.016± 0.010 . (9)
The R-parity violating contributions to both R(D) and R(D∗) occur in a similar
way, we use the averaged r(B¯ → D(∗)τ ν¯)ave = 1.266 ± 0.070 of r(B¯ → Dτν¯) and
r(B¯ → D∗τ ν¯) to represent the anomaly. In the SM, rave = 1. To obtain a rave within
the 1σ region, λ′33k is typically of order ∼ 3. This large coupling makes it worrisome
for this scenario from unitarity consideration. In more general terms, the unitarity
limits concern the upper bound constraints on the coupling constants imposed by
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the condition of a scale evolution between the electroweak and the unification scales,
free of divergences or Landau poles for the entire set of coupling constants. If so,
the R-parity couplings are constrained to be about one at TeV scale[16]. A value
of 3 is not consistent. The requirement of no Landau pole up to unifications scale
may be not necessary if some new physics appear. One cannot for sure rule out the
possibility of reaching unitarity bound of
√
4pi at a lower energy. However when
attempt to also solve b→ sµ+µ− induced anomalies, the model become much more
constrained.
III. CONSTRAINTS FROM OTHER TREE LEVEL PROCESSES
Several other rare processes may receive tree level R-parity violating contribu-
tions. The constraints from these processes should be taken into account. We now
study a few of the relevant ones: K → piνν¯, B¯ → K(K∗)νν¯, and D0 → µ+µ−.
The possible terms generating these decays are
λ′ijkλ
′∗
i′j′k
2m2
d˜k
R
ν¯i
′
Lγ
µνiLd¯
j′
Lγµd
j
L ,
λ′ijkλ
′∗
i′j′k
2m2
d˜k
R
e¯i
′
Lγ
µeiL(u¯LV
KM)j
′
γµ(V
KM†uL)
j ,
λ′ijkλ
′∗
i′jk′
2m2
d˜
j
L
ν¯i
′
Lγ
µνiLd¯
k
Rγµd
k′
R ,
λ′ijkλ
′∗
i′jk′
2m2
u˜
j
L
e¯i
′
Lγ
µeiLd¯
k
Rγµd
k′
R . (10)
If λ′ijk is non-zero for k restricted to only one value, the two terms on the second
line in the above equation will not induce the decays in question. For simplicity, we
will work with this assumption 1.
D0 → µ+µ− decay in the SM is extremely small. In our case, there are tree
contributions which are therefore constrained severly. We have
Heff = − 1
2m2
d˜k
R
CkDµµµLγµµLu¯Lγ
µcL ,
CkDµµ = λ
′
2jkλ
′∗
2j′kV1j′V
∗
2j
= (λ′21kV
∗
21 + λ
′
22kV
∗
22 + λ
′
23kV
∗
23)(λ
′∗
21kV11 + λ
′∗
22kV12 + λ
′∗
23kV13) . (11)
The decay width is given by
Γ(D0 → µ+µ−) = 1
128pi
∣∣∣∣∣C
k
Dµµ
m2
d˜3
R
∣∣∣∣∣
2
f 2DmDm
2
µ
√
1− 4m
2
µ
m2D
, (12)
where fD = 212(1) MeV[17] is the D
0 decay constant.
1 If k can take more than one values, to avoid potential problems from other terms in Eq.(10),
one may resort to the scenario that d˜L, u˜L, e˜L, and ν˜L to be much heavier than d˜R so that their
contributions are suppressed.
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Using experimental upper bound[18] 6.2 × 10−9 at 90% C.L. for D0 → µ+µ−,
we have |CkDµµ(1TeV)2/m2d˜k
R
| < 6.1 × 10−2. With λ′21k,22k set to zero, CkDµν is give
by CkDµµ = λ
′
23kλ
′∗
23kVubV
∗
cb. We have λ
′
23kλ
′∗
23k(1TeV)
2/m2
d˜k
R
< (20)2. λ′23k is only very
loosely constrained from D0 → µ + µ−. If just λ′21k or λ′22k is non-zero, they are
constrained as
λ′21kλ
′∗
21k
(1TeV)2
m2
d˜k
R
, λ′22kλ
′∗
22k
(1TeV)2
m2
d˜k
R
< 0.28 . (13)
These constraints on λ′21k and λ
′
22k, make their effects on b → sµ+µ− small. Later
we will show that even a small λ′22k may play some important role in having a better
coherent explanation of R(D(∗)) and b→ sµ+µ− anomalies.
For K → piνν¯, the ratio of RK→piνν¯ = ΓRPV /ΓSM is given by[19]
RK→piνν¯ =
∑
i=,e,µ,τ
1
3
∣∣∣∣1 + ∆RPVνiν¯iX0(xt)VtsV ∗td
∣∣∣∣
2
+
1
3
∑
i 6=i′
∣∣∣∣∣ ∆
RPV
νiν¯i′
X0(xt)VtsV
∗
td
∣∣∣∣∣
2
,
∆RPVνiν¯i′ =
pis2W√
2GFα
∣∣∣∣∣−λ
′
i2kλ
′∗
i′1k
2m2
d˜k
R
∣∣∣∣∣
2
, X0(x) =
x(2 + x)
8(x− 1) +
3x(x− 2)
8(x− 1)2 ln x , (14)
where xt = m
2
t/m
2
W .
Combining the SM prediction[20] for the branching ratio and experimental
information[18] Br = (1.7 ± 1.1) × 10−10, at 2σ level, λ′i2kλ′∗i′1k are constraint to
be less than a few times of 10−3(m2
dk
R
/(1TeV)2). Since we will set λ′∗i1k = 0, this
process is not affected at tree level.
The expressions for RB¯→piνν¯ and RB¯→K(K∗)νν¯ of B¯ → piνν¯ and B¯ → K(K∗)νν¯
can be obtained from Eq.(14) by replacing VtsV
∗
td to VtbV
∗
td and VtbV
∗
ts, respectively.
The corresponding ∆RPVνiν¯i′ are
For B¯ → piνν¯ : ∆RPVνiν¯i′ =
pis2W√
2GFα
∣∣∣∣∣−λ
′
i3kλ
′∗
i′1k
2m2
d˜k
R
∣∣∣∣∣
2
,
For B¯ → K(K∗)νν¯ : ∆RPVνiν¯i′ =
pis2W√
2GFα
∣∣∣∣∣−λ
′
i3kλ
′∗
i′2k
2m2
d˜k
R
∣∣∣∣∣
2
. (15)
For B → piνν¯, since we have set λ′i1k = 0, it is again not affected by R-pairty
violating interactions in this model.
The process B¯ → K(K∗)νν¯ will be affected. We have the following non-zero
∆RPVνν¯
∆RPVνµν¯µ = −
λ′23kλ
′∗
22k
2m2
dk
R
pis2W√
2GFα
, ∆RPVντ ν¯τ = −
λ′33kλ
′∗
32k
2m2
dk
R
pis2W√
2GFα
,
∆RPVντ ν¯µ = −
λ′33kλ
′∗
22k
2m2
dk
R
pis2W√
2GFα
, ∆RPVνµν¯τ = −
λ′23kλ
′∗
32k
2m2
dk
R
pis2W√
2GFα
. (16)
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Experimental data from BaBar[21] and Belle[22] give, RB→K(K∗)νν¯ < 4.3(4.4) im-
plying λ′23kλ
′∗
22k, λ
′
33kλ
′∗
32k, λ
′
33kλ
′∗
22k and λ
′
23kλ
′∗
32k are constrained from B¯ → K(K∗)νν¯.
We shall return to this process later.
IV. LOOP CONTRIBUTIONS FOR b→ sµ+µ− INDUCED ANOMALIES
The anomalous effects in b→ sµ+µ− induced processes are only 2 to 3 σ effects
and need to be confirmed further. They may be due to our poor understanding
of hadronic matrix elements involved, and may also be caused by new physics be-
yond SM. We now discuss how R-parity violating interaction may help to solve the
problems.
New physics contributes to b → sll¯ can be parametrized as HNPeff =
∑
CNPi Oi.
Some of the most studied operators Oi are
O9 =
α
4pi
s¯γµPLbµ¯γµµ , O
′
9 =
α
4pi
s¯γµPRbµ¯γµµ ,
O10 =
α
4pi
s¯γµPLbµ¯γµγ5µ , O
′
10 =
α
4pi
s¯γµPRbµ¯γµγ5µ , (17)
where PL,R = (1∓ γ5)/2.
The SM predictions are CSM9 ≈ −CSM10 = 4.1. A global analysis shows that to
solve the anomalies in decays induced by b→ sµ+µ−, there are few scenarios where
the anomalies can be solved with high confidence level and all cases CNP9 need to be
around −1[7]. For example with CNP9 = −1.09 and CNP10 , C ′,NP9,10 = 0 with a 4.5 pull;
the cases with CNP9 = −C ′,NP9 , the best fit values are: CNP9 = −C ′,NP9 = −1.06 and
others equal to zero with a 4.8 pull; And the case with CNP9 = −CNP10 , the best fit
values are: CNP9 = −CNP10 = −0.68 and others equal to zero with a 4.2 pull. Here the
number of “pulls” indicates by how many sigmas the best fit point is preferred over
the SM point for a given scenario. The higher the pull, the better fit between theory
and experimental data is reached. In our case, the R-parity violating contribution
to be discussed belongs to the last case. For this case, the 1σ allowed range is[7],
−0.85 ∼ −0.5. With negative value for CNP9 , the new physics contribution reduces
b → sµ+µ− and therefore helps to explain why B → (K,K∗, φ)µ+µ− branching
ratios and RK are smaller than those predicted by SM.
There is a potential contribution to b → sµ+µ− at tree level due to a term
proportional to λ′ijkλ
′∗
i′jk′/2m
2
u˜
j
L
e¯i
′
Lγ
µeiLd¯
k
Rγµd
k′
R . However, since we assume that there
is only one non vanishing value for k, b→ sµ+µ− is not induced by this contribution.
One needs to include one loop contributions. At one loop level, exchanging d˜kR
in the loop, contributions with CNP9 = −CNP10 can be generated with
CNP,ll¯
′
9 ≈
m2q
8piα
1
m2
d˜k
R
λ′lbkλ
′∗
l¯′mk
VqmV
∗
ts
VtbV ∗ts
−
√
2
64piαGF
ln(m2
d˜k
R
/m2
d˜k
′
R
)
m2
d˜k
R
−m2
d˜k
′
R
λ′ibkλ
′∗
isk′λ
′
ljk′λ
′∗
l¯′jk
1
VtbV ∗ts
, (18)
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where mq is the up type quark mass. The first term is induced by exchanging a W
boson and a sparticle d˜kR, and the second term is by exchanging two sparticles d˜
k
R in
the loops. The term of interest corresponds to l = 2, l¯′ = 2, s = 2 and b = 3 for the
process b→ sµ+µ−. One can relabel them with different numbers for other process.
The first term is dominated by q = t, its contribution to CNP,µµ¯9 is about
0.15λ′23kλ
′∗
23k(1TeV/md˜k
R
)2. This is a “wrong sign” contribution to solve b→ sµ+µ−
induced anomalies2. With λ′1jk = 0 and λ
′
i1k = 0 from considerations of no processes
with electron has shown anomalies and K → piνν¯ constraint, and restricting k to
have only one value, we have
CNP,ll¯
′
9 ≈
m2t
8piα
1
m2
d˜k
R
λ′l3kλ
′∗
l¯′3k
−
√
2
64piαGF
1
m2
d˜3
R
(λ′23kλ
′∗
22k + λ
′
33kλ
′∗
32k)(λ
′
l2kλ
′∗
l¯′2k + λ
′
l3kλ
′∗
l¯′3k)
1
VtbV
∗
ts
(19)
=
(
0.157λ′l3kλ
′∗
l¯′3k + 2.0(λ
′
23kλ
′∗
22k + λ
′
33kλ
′∗
32k)(λ
′
l2kλ
′∗
l¯′2k + λ
′
l3kλ
′∗
l¯′3k)
) (1TeV)2
m2
d˜k
R
.
V. NUMERICAL ANALYSIS
We are now in a position to put things together to see if R-parity violating inter-
actions may be able to solve the R(D(∗)) and b→ sµ+µ− anomalies simultaneously.
For the KM parameters we use those given in Particle Data Group[18]. The aim is
to produce values for r(B¯ → D(∗)τ ν¯)ave, CNP9 as close as possible to their central
values, 1.266 and −0.68. At the same time we have to restrict RB¯→K(K∗)νν¯ to be
less than 4.3 to satisfy experimental bound.
If one just needs to solve the R(D(∗)) anomaly, one just can easily obtain the
central value of rave − 1 = 0.266 by setting all other λ′ijk to zero except λ′33k with
its vale given by 2.95(md˜k
B
/1TeV). If md˜k
R
is way above TeV, then the coupling will
violate the unitarity bound of
√
4pi. Therefore for the theory to work purterbatively
, one expect the squark mass to be less than a TeV or so which can be looked
for at the LHC. With this choice of λ′ the SM predictions for RB¯→Kνν¯, K→piνν¯ and
Γ(D0 → µ+µ−) will not be affected, and RSMe,µ (c, u) = 1. One also predicts r(B¯ →
D(∗)τ ν¯) = r(B¯ → τ ν¯) = 1.26. This can be tested by future experimental data. This
is the scenario discussed in Ref.[11]. One can try to ease the unitarity bound by
including the λ′33kλ
′∗
32k term with positive sign so that a smaller λ
′
33k value is now
allowed.
We now discuss the contributions to CNP9 from eq.(20). Note that the first term
in that equation is positive definate, one needs a larger second term with negative
2 In our earlier version, we had neglected this contribution and obtained erroneous conclusions
which we correct them here.
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sign to produced the required value. If one just needs to satisfy this equation, one
can easily find solutions. For example, taking λ′23k = 3.0, one just needs to have
λ′23kλ
′∗
22k + λ
′
33kλ
′∗
32k to be about -0.046 to produce C
NP
9 ∼ −0.68.
One, however, has to consider other strong constraints. A particularly important
constraint is from eq.(16), to satisfy RB¯→Kνν¯ < 4.3. To produce a negative C
NP
9 ,
λ′23kλ
′∗
22k + λ
′
33kλ
′∗
32k needs to be negative. From RB¯→Kνν¯ constraint, each of r2322 =
λ′23kλ
′∗
22k and r3332 = λ
′
33kλ
′∗
32k is constrained by be larger than −0.09. But in general
they appear together in order to produce the value required for CNP9 . This also leads
to non-zero values for r2332 = λ
′
23kλ
′∗
32k and r3322 = λ
′
33kλ
′∗
22k increasing the value for
RB¯→Kνν¯. We find that with all rijkl = −0.0436 having the same value maximizes
the size of CNP9 while minimize RB¯→Kνν¯. For this case, using C
NP
9 = −0.68 and
RB¯→Kνν¯ < 4.3, we find λ
′
33k,23k = 6.3 and a small value for λ
′
22,32 = −0.0068. With
the above values for λ′, the constraints from D0 → µ+µ− can be satisfied. However,
the predicted values for rave becomes 1.48 and R
SM
µ (c) is about 2.9. These values
are completely ruled out by existing data. Also the solution with λ′33k,23k = 6.3 is
problematic because it violates the unitarity bound and therefore is not a viable
solution neither. In figure 1, we show CNP9 , rave and R
SM
µ (c) as functions of λ
′
23k.
We see a smaller CNP9 in size may relax the situation, but within 1σ range for C
NP
9 ,
The value for RSMµ,τ (c) are too large to allow the model to be a viable one.
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FIG. 1: CNP9 , rave and R
SM
µ (c) as functions of λ
′
23k from left to right, respectively. To
get RSMµ (c) − 1 down to 10%, one needs to go to the lower range the 3σ range for CNP9
to about -0.18[7]. However, in that case, rave also comes down and cannot explain the
observed R(D(∗)) anomaly.
We have searched a wide range of parameter space for λ′ including with complex
numbers and found no solutions which can simultaneously satisfy bounds on RB¯→Kνν¯
and RSMµ (c) and at the same time to solve anomalies in R(D
(∗)) and b→ sµ+µ−.
VI. CONCLUSIONS
We have studied the possibility of explaining the enhancement in semileptonic
decays of B¯ → D(∗)τ ν¯ and the anomalies induced by b→ sµ+µ− within the frame-
work of R-parity violating (RPV) MSSM. Exchange of down type right-handed
squark coupled to quarks and leptons yield interactions which are similar to lepto-
quark induced interactions which have been proposed to explain the B¯ → D(∗) → τ ν¯
by tree level interactions and b → sµ+µ− induced anomalies by loop interactions,
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simultaneously. However, we find that the Yukawa couplings have severe constraints
from other rare processes in B and D decays. This interaction can provide a viable
solution to RD(∗) anomaly. But with the severe constraint from B¯ → Kνν¯, it proves
impossible to solve the anomalies induced by b → sµ+µ−. This conclusion also
applies equally to the leptoquark model proposed in Ref.[15].
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leptoquark explanation of anomalies.
[1] BaBar Collaboration, J. P. Lees et al., Phys. Rev. Lett. 109 (2012) 101802,
[arXiv:1205.5442]. BaBar Collaboration, J. P. Lees et al., Phys. Rev. D88 (2013),
no. 7 072012, [arXiv:1303.0571].
[2] Belle Collaboration, M. Huschle et al., Phys. Rev. D92 (2015), no. 7 072014,
[arXiv:1507.03233]. Belle Collaboration, A. Abdesselam et al., arXiv:1603.06711.
[3] LHCb Collaboration, R. Aaij et al., Phys. Rev. Lett. 115 (2015), no. 11 111803,
[arXiv:1506.08614]. [Addendum: Phys. Rev. Lett. 115 (2015), no.15 159901].
[4] HPQCD Collaboration, H. Na, C. M. Bouchard, G. P. Lepage, C. Monahan, and J.
Shigemitsu, Phys. Rev. D92 (2015), no. 5 054510, [arXiv:1505.03925]; S. Fajfer, J. F.
Kamenik, and I. Nisandzic, Phys. Rev. D85 (2012) 094025, [arXiv:1203.2654].
[5] Heavy Flavor Averaging Group (HFAG), www.slac.stanford.edu/XORG/hfag.
[6] LHCb Collaboration, PRL 111 (2013) 191801, arXiv:1308.1707 [hep-ex]; LHCb
Collaboration, JHEP 1406 (2014) 133, arXiv:1403.8044 [hep-ex]; R. Aaij et al.
[LHCb Collaboration], arXiv:1512.04442 [hep-ex]; LHCb Collaboration, JHEP 1307
(2013) 084, arXiv:1305.2168 [hep-ex]; LHCb Collaboration, JHEP 1504 (2015) 064,
arXiv:1501.03038 [hep-ex].
[7] S. Descotes-Genon, L. Hofer, J. Matias and J. Virto, JHEP 1606, 092 (2016)
[8] A. Ali, arXiv:1607.04918 [hep-ph].
[9] LHCb Collaboration, Phys. Rev. Lett. 113 (2014) 151601, arXiv:1406.6482 [hep-ex].
11
[10] K. Kiers and A. Soni, Phys. Rev. D 56, 5786 (1997); M. Tanaka and R. Watanabe,
Phys. Rev. D 82, 034027 (2010); A. Datta, M. Duraisamy and D. Ghosh, Phys. Rev.
D 86, 034027 (2012); D. Becirevic, N. Kosnik and A. Tayduganov, Phys. Lett. B
716, 208 (2012); X. G. He and G. Valencia, Phys. Rev. D 87, no. 1, 014014 (2013);
Y. Sakaki and H. Tanaka, Phys. Rev. D 87, no. 5, 054002 (2013); A. Celis, M. Jung,
X. Q. Li and A. Pich, JHEP 1301, 054 (2013); [P. Ko, Y. Omura and C. Yu, JHEP
1303, 151 (2013); A. Crivellin, A. Kokulu and C. Greub, Phys. Rev. D 87, no. 9,
094031 (2013); R. Dutta, A. Bhol and A. K. Giri, Phys. Rev. D 88, no. 11, 114023
(2013); Eur. Phys. J. C 74, no. 5, 2861 (2014); A. Soffer, Mod. Phys. Lett. A 29,
no. 07, 1430007 (2014); J. Zhu, H. M. Gan, R. M. Wang, Y. Y. Fan, Q. Chang and
Y. G. Xu, Phys. Rev. D 93, no. 9, 094023 (2016); S. Nandi, S. K. Patra and A. Soni,
arXiv:1605.07191 [hep-ph].
[11] N. G. Deshpande and A. Menon, JHEP 1301, 025 (2013) [arXiv:1208.4134 [hep-ph]].
[12] S. Fajfer, J. F. Kamenik, I. Nisandzic and J. Zupan, Phys. Rev. Lett. 109, 161801
(2012) [arXiv:1206.1872 [hep-ph]]; Y. Sakaki, M. Tanaka, A. Tayduganov and
R. Watanabe, Phys. Rev. D 88, no. 9, 094012 (2013); M. Freytsis, Z. Ligeti and
J. T. Ruderman, Phys. Rev. D 92, no. 5, 054018 (2015); [S. Bhattacharya, S. Nandi
and S. K. Patra, Phys. Rev. D 93, no. 3, 034011 (2016); B. Dumont, K. Nishiwaki
and R. Watanabe, Phys. Rev. D 94, no. 3, 034001 (2016); X. Q. Li, Y. D. Yang and
X. Zhang, arXiv:1605.09308 [hep-ph];
A. K. Alok, D. Kumar, S. Kumbhakar and S. U. Sankar, arXiv:1606.03164 [hep-ph].
[13] J. Matias, F. Mescia, M. Ramon and J. Virto, JHEP 1204 (2012) 104; G. Hiller and M.
Schmaltz, Phys. Rev. D 90 (2014) 054014; A. J. Buras, F. De Fazio and J. Girrbach,
JHEP 1402 (2014) 112; S. Biswas, D. Chowdhury, S. Han and S. J. Lee, JHEP 1502,
142 (2015); D. Aristizabal Sierra, F. Staub and A. Vicente, Phys. Rev. D 92, 015001
(2015); S. L. Glashow, D. Guadagnoli and K. Lane, Phys. Rev. Lett. 114 (2015)
091801; A. Crivellin, G. D’Ambrosio and J. Heeck, Phys. Rev. Lett. 114, 151801
(2015); C. J. Lee and J. Tandean, JHEP 1508, 123 (2015); C. W. Chiang, X. G. He and
G. Valencia, Phys. Rev. D 93, no. 7, 074003 (2016) D. Becirevic, O. Sumensari and
R. Zukanovich Funchal, Eur. Phys. J. C 76, no. 3, 134 (2016); T. Hurth, F. Mahmoudi
and S. Neshatpour, Nucl. Phys. B 909, 737 (2016); D. Guadagnoli, D. Melikhov
and M. Reboud, Phys. Lett. B 760, 442 (2016); P. Koppenburg, Z. Dolezal and
M. Smizanska, Scholarpedia 11, 32643 (2016); C. H. Chen, T. Nomura and H. Okada,
arXiv:1607.04857 [hep-ph]; S. M. Boucenna, A. Celis, J. Fuentes-Martin, A. Vicente
and J. Virto, arXiv:1608.01349 [hep-ph].
[14] B. Bhattacharya, A. Datta, D. London and S. Shivashankara, Phys. Lett. B
742, 370 (2015); D. Das, C. Hati, G. Kumar and N. Mahajan, arXiv:1605.06313
[hep-ph]; S. M. Boucenna, A. Celis, J. Fuentes-Martin, A. Vicente and J. Virto,
arXiv:1608.01349 [hep-ph].
[15] M. Bauer and M. Neubert, Phys. Rev. Lett. 116, no. 14, 141802 (2016).
[16] R. Barbier, C. Berat, M. Besancon, M. Chemtob, A. Deandrea, E. Dudas, P. Fayet
and S. Lavignac et al., Phys. Rept. 420, 1 (2005) [hep-ph/0406039].
[17] J. L. Rosner, S. Stone and R. S. Van de Water, [arXiv:1509.02220 [hep-ph]].
[18] K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014).
[19] N. G. Deshpande, D. K. Ghosh and X. G. He, Phys. Rev. D 70, 093003 (2004)
[hep-ph/0407021].
12
[20] A. J. Buras, F. Schwab and S. Uhlig, Rev. Mod. Phys. 80, 965 (2008)
[21] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. D 87, no. 11, 112005 (2013)
[arXiv:1303.7465 [hep-ex]].
[22] O. Lutz et al. [Belle Collaboration], Phys. Rev. D 87, no. 11, 111103 (2013)
doi:10.1103/PhysRevD.87.111103 [arXiv:1303.3719 [hep-ex]].
[23] M. Aaboud et al. [ATLAS Collaboration],
[24] [BaBar Collaboration], arXiv:1605.09637 [hep-ex].
[25] M. Bona, talk presented at ICHEP 2016, August 3 - 10, Chicago, IL, USA.
[26] D. Becirevic, N. Kosnik, O. Sumensari and R. Zukanovich Funchal, JHEP 1611, 035
(2016) doi:10.1007/JHEP11(2016)035 [arXiv:1608.07583 [hep-ph]].
13
